Small polydisperse circular DNA (spcDNA) is a heterogeneous population of extrachromosomal circular molecules present in a large variety of eukaryotic cells. Elevated amounts of total spcDNA are related to endogenous and induced genomic instability in rodent and human cells. We suggested spcDNA as a novel marker for genomic instability, and speculated that spcDNA might serve as a mutator. In this study, we examine the presence of telomeric sequences on spcDNA. We report for the ®rst time the appearance of telomeric repeats in spcDNA molecules (tel-spcDNA) in rodent and human cells. Restriction enzyme analysis indicates that tel-spcDNA molecules harbor mostly, if not exclusively, telomeric repeats. In rodent cells, telspcDNA levels are higher in transformed than in normal cells and are enhanced by treatment with carcinogen. Tel-spcDNA is also detected in some human tumors and cell lines, but not in others. We suggest, that its levels in human cells may be primarily related to the amount of the chromosomal telomeric sequences. Tel-spcDNA may serve as a unique mutator, through speci®c mechanisms related to the telomeric repeats, which distinguish it from the total heterogeneous spcDNA population. It may aect telomere dynamics and genomic instability by clastogenic events, alterations of telomere size and sequestration of telomeric proteins.
Small polydisperse circular DNA (spcDNA) is a heterogeneous population of extrachromosomal circular molecules present in a large variety of eukaryotic cells. Elevated amounts of total spcDNA are related to endogenous and induced genomic instability in rodent and human cells. We suggested spcDNA as a novel marker for genomic instability, and speculated that spcDNA might serve as a mutator. In this study, we examine the presence of telomeric sequences on spcDNA. We report for the ®rst time the appearance of telomeric repeats in spcDNA molecules (tel-spcDNA) in rodent and human cells. Restriction enzyme analysis indicates that tel-spcDNA molecules harbor mostly, if not exclusively, telomeric repeats. In rodent cells, telspcDNA levels are higher in transformed than in normal cells and are enhanced by treatment with carcinogen. Tel-spcDNA is also detected in some human tumors and cell lines, but not in others. We suggest, that its levels in human cells may be primarily related to the amount of the chromosomal telomeric sequences. Tel-spcDNA may serve as a unique mutator, through speci®c mechanisms related to the telomeric repeats, which distinguish it from the total heterogeneous spcDNA population. It may aect telomere dynamics and genomic instability by clastogenic events, alterations of telomere size and sequestration of telomeric proteins.
Keywords: genomic instability; spcDNA; telomeres; mutator phenotype; two dimensional electrophoresis; cancer Among the many factors involved in genomic instability, small polydisperse circular DNA (spcDNA) was recently found to be an important marker and possible enhancer of endogenous and induced genomic instability in mammalian cells (Sunnerhagen et al., 1989; Cohen and Lavi, 1996; Cohen et al., 1997) . Recent ®ndings implicate similar endogenous circular extrachromosomal molecules in genomic plasticity and aging in yeast cells as well. Thus, the involvement of spcDNA in genomic instability is widespread, from yeast to human cells.
The heterogeneous nature of the spcDNA population in higher organisms, which contains small molecules of various sizes and sequences (reviewed in Gaubatz, 1990) , hampers the elucidation of the mechanistic details of their generation, propagation and eect. To overcome this problem, we have developed a neutral-neutral 2-D gel system for the detection, analysis, and quanti®cation of spcDNA (Cohen and Lavi, 1996; Cohen et al., 1997; Figure 1) . Using this system, we have previously shown that total spcDNA can serve as a quantitative marker for genomic instability in rodent and human cells (Cohen and Lavi, 1996; Cohen et al., 1997) . However, to study the involvement of spcDNA in the processes underlying genomic instability, this heterogeneous population of molecules must be analysed in detail.
In this study, we focus on the analysis of telomeric sequences, which may mark or enhance a subset of events related to genomic instability. Telomeric sequences may have signi®cant and speci®c eects, since they are both repetitive and perform speci®c cellular functions in chromosome maintenance. Telomeric repeat sequences promote genomic stability in the normal cellular milieu, as chromosomes without telomeres undergo end-to end associations and breakage-fusion-bridge cycles (Autexier and Greider, 1996) . Furthermore, under abnormal conditions the same repeats may be involved in genomic instability phenomena, including the generation of unstablè hotspots' for chromosomal aberration and for delayed chromosomal instability (e.g. Bouer et al., 1996) .
In human cells, telomeric repeats are restricted to the ends of chromosomes. In the Chinese hamster genome (CHE, Figure 2A ) telomeric repeats appear both at the telomeres and at the centromeres. In genetically unstable Chinese hamster cells, telomeric repeats are present at ectopic chromosomal positions and in unusual con®gurations (Bertoni et al., 1994; Pandita and DeRubies, 1995; Balajee et al., 1996 , Bouer et al., 1996 . For example, in a CHE-derived SV40 transformed cell line (CO60), telomeric repeats at the telomeres and centromeres are reduced, while strong signals appear along the entire length of chromosome arms, yielding chromosomes consisting of massive repeats of telomeric sequences ( Figure 2B , red arrows).
In order to study the possible relation of spcDNA to these variations in the unstable Chinese hamster chromosomes, we examined whether telomeric repeats can also be detected extrachromosomally in spcDNA, utilizing the 2-D gel system. Low-molecular weight (LMW) DNA from CHE and from CO60 cells was analysed on a 2-D gel. Following hybridization to a telomeric repeat probe, an arc representing relaxed circular molecules was observed ( Figure 3A,B) . We 3A,B denote this population of spcDNA molecules with telomeric repeats, tel-spcDNA. In further experiments, tel-spcDNA was also found in LMW DNA from other Chinese hamster and rat cell lines (e.g. Figures 3E and 4A ). This is the ®rst time that the presence of telomeric repeats on spcDNA molecules is described, in any organism. Previous studies have detected in spcDNA most known repetitive sequences by cloning techniques. However, since no known restriction enzyme cuts within the telomeric repeat, the tel-spcDNA molecules could not be detected by these cloning schemes. This stresses the importance of the 2-D gel system in the analysis of the heterogeneous spcDNA population.
Although arcs representing tel-spcDNA were detected in both transformed and primary Chinese hamster cells, the arc intensity in the normal CHE sample was lower than in the corresponding transformed CO60 cell line. Despite the intense staining of telomeric repeats on CHE chromosomes (Figure 2A ), tel-spcDNA levels are low in these primary cells.
In order to normalize arc intensity we use several separate normalization standards, that we previously established (Sunnerhagen et al., 1989; Cohen et al., 1997) . It was shown, that total DNA amounts, as measured by O.D. are an insucient standard, due to various levels of`contamination' by high molecular weight DNA and low molecular weight linear DNA. On the other hand, mitochondrial DNA can be used to measure the eciency of the extraction of low molecular weight circular DNA. Note that mitochondrial DNA quantities were reported to remain unchanged in carcinogen treated cells (Sunnerhagen et al., 1989; Cohen et al., 1997) . Normalizing arc intensity according to the amount of total DNA (O.D.) and mitochondrial DNA indicates that the amounts of telspcDNA are elevated at least 2.5-fold in the transformed CO60 cell line ( Figure 3C,D) . Thus, higher tel-spcDNA levels appeared in the genetically unstable cell line, similarly to the ectopic location of telomeric repeats on the chromosomes of transformed cell lines ( Figure 2B ). Quantitation of other comparative experiments between dierent Chinese hamster cells indicates that tel-spcDNA levels dier in a range of 3-fold between the dierent cells (data not shown). (Cohen and Lavi, 1996) . The heterogeneous population of circular molecules generates a typical arc pattern, when migrating on a neutralneutral 2D agarose gel (Cohen and Lavi, 1996) . This pattern consists of up to four arcs, each one representing a population of molecules of the same structure and of dierent sizes. Arc identity was established by electron microscopy (Cohen and Lavi, 1996) . The lower prominent arc represents linear DNA molecules (arc no. 1). The three other arcs represent dierent circular structures: supercoiled circles (arc no. 2), relaxed circles (arc no. 3) and supercoiled molecules, which were relaxed by nicking during preparation of the second dimension (arc no. 4). Due to nicking during most DNA preparations, the most prominent arc among the three arcs of circular DNA is that of relaxed circular molecules (arc no. 3)
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Figure 2 Fluorescence in situ hybridization (FISH) analysis of telomeric repeat sequences in Chinese hamster cells. Metaphase spreads of primary cultured CHE primary cells (A) and CO60 cell line (B) were hybridized with a biotynilated telomere repeat DNA probe, and detected with an avidin-FITC complex (green signal). In CHE cells (A), telomeric sequences are detected at the telomeres (green arrows) and centromeres (white arrows). In the CO60 cell line (B) telomeric repeats are detected also at interstitial sites, along chromosome arms (red arrows)
We now examined the eect of induced genomic instability on the levels of tel-spcDNA. 2-D gel analysis of LMW DNA from untreated and MNNG-treated CHO cells shows that tel-spcDNA is induced by treatment with MNNG ( Figure 4A ,B). Cot-1 spcDNA is also induced by this treatment ( Figure 4C ,D) as previously shown (Cohen and Lavi, 1996) . Note, that the Cot-1 probe represents the highly repetitive genomic DNA (Britten and Cohen, 1968) , which is interspersed within the chromosomes. By hybridizing to a Cot-1 DNA probe we visualize the molecules that contain the repetitive sequences and thus probably represent the total genomic DNA (Cohen et al., 1997) . Quanti®cation according to mitochondrial DNA ( Figure 4E,F) shows that telspcDNA is induced 11-fold, while Cot-1 spcDNA is only induced 4.3-fold. Similar experiments on other Chinese hamster cells (CHE cells, the CO60 cell line, and a derived line, C9-3) also show a variable range of induction levels between 2 ± 14-fold, following treatment with MNNG (Figure 4, histogram) . Thus, tel-spcDNA is associated with both endogenous and induced genomic instability in rodent cells, as it is elevated in transformed cell lines ( Figure 3 ) and following treatment with environmental agents (Figure 4) .
The telomeric repeats detected by our probe could be either interspersed or consecutive. To distinguish between the two alternatives, the DNA sample was digested with a 4-cutter restriction enzyme, DpnII. This enzyme, like all known restriction enzymes, does not cut inside the telomeric repeats. Only tel-spcDNA molecules harboring consecutive repeats will be resistant to the enzyme. Following 2-D gel analysis of undigested DNA and DpnII pre-digested DNA from CO60 cells, the arcs representing tel-spcDNA were Both tel-spcDNA amounts (A,B) and total spcDNA amounts (C,D) are higher in the treated cells (B,D arrows a,b) than in the control sample (A,C, arrow). This was normalized by the total amount of circular DNA as estimated by hybridization to a hamster mitochondrial DNA probe (E,F, Cir.). Higher amounts of mtDNA were detected in the control (E) than in the treated (F) sample. Histogram of tel-spcDNA induction levels in dierent Chinese hamster cells. LMW DNA samples were extracted from several Chinese hamster cells, in addition to CHO cells (shown in this Figure A,B) , with and without treatment with the carcinogen MNNG, and were analysed on 2-D gels. After hybridization to telomeric repeat probes the intensity of the arcs representing telspcDNA was quanti®ed by PhosphorImager. The signal was normalized according to the mitochondrial DNA standard, and the relative amount of induction of tel-spcDNA following MNNG treatment was calculated. Tel-spcDNA was induced in all examined cell lines to various extents: 14-fold in CHE cells, 11-fold in CHO cells (this Figure A, The gel was blotted, hybridized to a telomeric repeat probe, arcs representing relaxed circular molecules were detected in both samples (arrows), and their intensity was measured by PhosphorImager. After stripping, the blot was rehybridized to a hamster mitochondrial DNA probe (C ± D) and the circular mtDNA signals (Cir.) were quanti®ed. (E) TelspcDNA in a rat cell line. Eighteen mg of LMW DNA from the rat cell line A2 were analysed on a 2-D gel. After hybridization to a telomeric repeat probe, an arc representing tel-spcDNA was clearly detected (arrow) detected in both samples ( Figure 5A,B) . Complete DNA digestion was veri®ed by the pattern of EtBr staining and by the disappearance of the circular mitochondrial DNA molecules ( Figure 5C,D) . Similar results were obtained with another frequent-cutter (HaeIII), as well as with DNA extracted from other Chinese hamster cell lines (data not shown). We conclude that at least part of the tel-spcDNA population harbors consecutive telomeric repeat sequences, suggesting that these molecules originate from large`blocks' of chromosomal telomeric repeats (e.g. Figure 2 ). This has important implications for their possible eects, as will be discussed.
While telomeric repeats on the rodent chromosomes are not restricted to telomeres and are also abundant at pericentromeric locations, their amounts in the human genome are much lower and they are mostly restricted to the ends of chromosomes (Wells et al., 1990) . In order to extend our ®nding to human cells, we proceeded to test for the presence of tel-spcDNA in human tumor tissues and cell lines. LMW DNA from a colon carcinoma tissue sample was analysed on a 2-D gel and an arc representing circular molecules was clearly detected by a telomeric repeat probe ( Figure 6A ). The telspcDNA in this sample was also found to be resistant to HaeIII and DpnII (data not shown), indicating that it consists mostly, if not exclusively, of telomeric repeats. This hints to the telomeres as the chromosomal origin of tel-spcDNA in human cells, in which long blocks of telomeric repeats are largely con®ned to the telomeres. A similar result was obtained with another colon carcinoma (data not shown). However, tel-spcDNA was not found in a breast carcinoma tissue sample ( Figure 6C ) although it contained abundant amounts of total spcDNA ( Figure 6D ). were separated on 2-D gels, and the blots were hybridized to a telomeric repeat probe (A,C). In the colon carcinoma (4 days exposure to a sensitive Kodak X-OMAT AR ®lm, A) an arc indicating telspcDNA was detected (arrow). Total spcDNA was also detected in the colon carcinoma sample, using a Cot-1 DNA probe (4 days exposure to a sensitive Kodak X-OMAT AR ®lm, B, arrow). Note, that in this blot an earlier hybridization to human mitochondrial DNA (data not shown) was not completely erased by stripping, and the mitochondrial DNA signal is still detectable (A,B) . In the breast carcinoma sample, tel-spcDNA was not detected even after a prolonged exposure (2 weeks to a sensitive Kodak X-OMAT AR ®lm, C). However, total spcDNA was found in this tumor tissue, after complete stripping and rehybridization to a human Cot-1 DNA probe after a shorter exposure (4 days to a sensitive Kodak X-OMAT AR ®lm, D, arrow). (E ± H) 2-D gel analysis of human cell lines. Forty mg of LMW DNA from HeLa cells (E,F) and 100 mg of LMW DNA from BT2E cells (G,H) were analysed on 2-D gels. No telspcDNA was found in HeLa cells after a prolonged exposure (1 week to a sensitive Kodak X-OMAT AR ®lm, E), while an arc indicating tel-spcDNA was detected in BT2E cells (3 days exposure to a sensitive Kodak X-OMAT AR ®lm, G, arrow). Total spcDNA was found in both cell lines, after stripping and rehybridization to a human Cot-1 DNA probe and 4 days exposure to a sensitive Kodak X-OMAT AR ®lm (F,H, arrows) . (LT/LC) The amount of linear DNA from all hybridizations as detected by the telomeric repeat probes (LT) and the Cot-1 DNA (LC) probes were quanti®ed after 24 h exposures to PhosphorImager, and the ratio between the two values was calculated for each experiment. The percentage of telomeric linear DNA as compared to Cot-1 linear DNA is given in the additional column Similarly, tel-spcDNA was readily detected in some human cell lines, but not in others. We failed to ®nd tel-spcDNA in the HeLa cells ( Figure 6E ), in spite of the abundance of Cot-1 spcDNA ( Figure 6F ). Conversely, both tel-spcDNA ( Figure 6G ) and total spcDNA ( Figure 6H ) are found in a human hepatoma cell line.
The presence of tel-spcDNA in some human cell lines and tumor tissue samples indicates that telspcDNA is not limited to rodent cells, and can also be found in human cells, where telomeric repeats mostly occur at telomeres. However, since telspcDNA was not detected in some of the tested cell lines and tumor samples, it is probably not a general phenomenon in transformed human cells as is the Cot-1 spcDNA (Gaubatz, 1990; Cohen et al., 1997) .
In fact, scrutinizing the Cot-1 and telomere hybridizations in Figure 6 shows that the presence of tel-spcDNA may be related to the amount of total telomeric repeats, as seen by the linear DNA arc (arc no. 1). In both cases where tel-spcDNA was not detected ( Figure 6C ,E), the intensity of the linear DNA detected by the telomere repeat probe is much lower than that of the total linear DNA (0.5 ± 1% in the HeLa cells and in the breast carcinoma sample accordingly), as detected by the Cot-1 DNA probe ( Figure 6D,F) . This is not the case in the samples where tel-spcDNA is detected ( Figure 6A,G) , where the intensity of linear telomeric DNA is 24 ± 33% of that of Cot-1 linear DNA. Thus, in contrast to rodent cells, where chromosomal telomeric repeats are abundant (Figure 2A,B) , in transformed human cells the presence of tel-spcDNA depends on the amount of chromosomal telomeric repeats which can vary to a great extent (e.g. Counter et al., 1992; Bryan et al., 1995) .
In general, the presence of tel-spcDNA in human cells may be related to the interplay of several factors, including telomerase activity, telomere length, activity of general and speci®c recombinases and the total level of genomic instability. According to this hypothesis, telomerase-negative cell lines that have ultra-long unstable telomeres (Bryan et al., 1995) , would be expected to contain tel-spcDNA. A thorough study of the eect of these various factors on the amount of tel-spcDNA in human cell lines is currently underway.
We conclude, that tel-spcDNA levels show a unique pattern compared to that of Cot-1 spcDNA in both human and rodent cells. Furthermore, the elevated levels of tel-spcDNA in transformed rodent cells (Figure 2 ) and following treatment with carcinogen ( Figure 3 ) may relate it to endogenous and induced genomic instability, similarly to Cot-1 spcDNA. TelspcDNA may be just a by-product of the processes of genomic instability. However, since telomeric repeats serve a unique function on the chromosomes, their generation and eects on tel-spcDNA may have a speci®c functional impact.
For example, integration of tel-spcDNA into intra-chromosomal loci might be clastogenic and could generate novel interstitial telomeric repeats that are genetically unstable ( Figure 2B ; Bertoni et al., 1994; Pandita and DeRubies, 1995; Balajee et al., 1996; Bouer et al., 1996) . Circular plasmids harboring telomeric repeats were shown to induce chromosome fragmentation, at or near their site of insertion (Hanish et al., 1994) . If tel-spcDNA participates in similar events, it could enhance genomic instability.
The long stretches of telomeric repeats on telspcDNA and the tandemly repetitive nature of the chromosomal sequences, hint at a recombination mechanism for their generation. This is also consistent with our results on tel-spcDNA relation to chromosomal telomeric repeats in human cells. Such a recombination event can occur during DNA replication or repair. Intra-chromosomal recombination was suggested to account for the generation of spcDNA molecules harboring other tandemly repetitive sequences in various animal cells. These include centromeric alphoid repeats in mammalian cells (Jones and Potter, 1985; Kiyama et al., 1987; Okumura et al., 1987; Ohki et al., 1995) , as well as the 11-bp dodeca-satellite repeats in Drosophila (Renault et al., 1993) , that generate circular molecules with short tandem repeats, similar to the 6-bp ones on tel-spcDNA.
In addition, extrachromosomal circular molecules harboring tandem-repetitive sequences (rDNA and Y' subtelomeric repeats) were reported to be generated by recombination in yeast cells in studies on topoisomerase mutants (Kim and Wang, 1989 ) and on Rec-Q like helicase sgs1 mutants, that undergo accelerated aging (Sinclair and Guarente, 1997) . Sgs1 is homologous to the genes for Werner's and Bloom's syndromes, mutations in which induce genomic instability and accelerated aging in humans. The generation of telspcDNA from telomeric tandem repeats, may involve similar general DNA metabolism enzymes, such as topoisomerases and helicases, along speci®c telomeric proteins.
Telomere length could be altered by the formation of tel-spcDNA in a recombination excision mechanism or by the insertion of tel-spcDNA into telomeres. Note, that recent ®ndings on telomere length variation in Xenopus laevis showed a signi®cant amount of DNA rearrangements at telomeres (Bassham et al., 1998) . Finally, if telspcDNA is capable of binding telomeric repeat proteins, it could also have an indirect eect on telomere function, by protein sequestration. The potential eects of tel-spcDNA on cell function are largely dependent on its retention in the nucleus. The telomeric sequences on tel-spcDNA may maintain them in the nucleus for a longer period, as was shown for circular plasmids in yeast cells (Mirabella and Gartenberg, 1997) .
It is still unknown whether spcDNA in general, and tel-spcDNA in particular, is a directed cellular phenomenon or a by-product of either normal or abnormal processes (Gaubatz, 1990) . For example, telspcDNA may be related to a mechanism that preserves the integrity of the telomeric repeats. Our novel ®nding of tel-spcDNA in mammalian cells opens various possibilities as to the eect of these molecules on telomere dynamics and on genomic instability. Thus, while their physiological signi®cance and role remains to be assessed, tel-spcDNA emerges as an important potential mutator, which stands out in the heterogeneous spcDNA population.
Materials and methods
Tissue culture and tissue samples CHE ± Chinese hamster embryo primary cultured cells; CO60 ± SV40 transformed Chinese hamster embryo ®broblasts cell line (Lavi, 1981) ; C9-3 ± a cell line established by infection of CO60 cells with the recombinant JDT277 virus, harboring an AAV/neo genome (Winocour et al., 1992) ; CHO ± Chinese hamster ovary cell line; A2 ± Transformed Rat embryo ®broblasts (Denis et al., 1991) ; HeLa ± Human cervical carcinoma cell line; BT2E ± Hep 3B hepatoma cell line subclone (Friedman et al., 1997) . All cells were propagated in monolayer cultures in Dulbecco modi®ed Eagle medium (Gibco Laboratories, Grand Island, NY, USA) supplemented with 10% fetal calf serum (Biolabs, Jerusalem, Israel). MNNG treatment was performed as previously described (Cohen and Lavi, 1996) , in a ®nal concentration of 10 mg/ml for CO60 and CHO cells and 5 mg/ml for C9-3 and CHE cells. The cells were harvested 72 h after treatment. Colon carcinoma and breast carcinoma samples were frozen in liquid nitrogen directly following surgery and stored at 7708C up to several months, before DNA extraction.
Preparation of low molecular weight DNA Low molecular weight (LMW) cellular DNA was prepared according to Hirt (1967) . Frozen tissue samples were ®rst ground under liquid nitrogen, by mortar and pestle. The ®ne powder was dissolved in Hirt lysis buer, and subsequent steps were performed as before. The amount of DNA was estimated by spectrophotometer (Gilford, Corning, NY, USA).
Neutral-neutral two-dimensional (2D) gel
Separation of DNA on the neutral-neutral 2D gel was performed according to Brewer and Fangman (1987) , as detailed previously (Cohen et al., 1997) .
Blotting and hybridization
Southern blot analyses were carried out using the Hybond N + nylon membrane (Amersham, Amersham, UK) as previously described (Church and Gilbert, 1984) . Brie¯y, the hybridizations were carried out in 658C in 0.5 N sodium phosphate (pH 7.2), 7% SDS and 1 mM EDTA. The blots were washed in 26SSC, 0.1% SDS (at 658C for 20 min for random-primed probes, or at room temperature for 10 min for oligonucleotide probes). The membranes were exposed to a Fuji PhosphorImager screen (Fuji, Japan). For telomeric and Cot-1 probes, the blots were exposed to a sensitive Kodak X-OMAT AR ®lm (EastmanKodak, Rochester, NY, USA), for 3 ± 7 days. For mitochondrial DNA probes, the blots were exposed to regular Fuji RX ®lm (Fuji, Japan), for 1 day.
Radiolabeled probes
The telomeric repeat oligonucleotide Tel4 (CCCTAA) 4 (synthesized by Biotechnology General, Rehovot, Israel) was end-labeled with g 32 P ATP according to standard procedures. A plasmid containing the hamster mitochondrial genes ATPase and Cytochrome oxidase 3, derived from a l-zap (a gift from Y Assaraf, The Technion, Haifa, Israel) library, served to detect hamster mitochondrial DNA. The hamster and human Cot-1 DNA probes were purchased from Gibco ± BRL (Gaithersburg, MD, USA). All three probes were labeled by random priming using the Readiprime DNA Labeling Kit (Amersham, Amersham, UK), according to the manufacturer's instructions.
Fluorescence in situ hybridization (FISH) analysis
FISH analysis was performed as previously described (BarAm et al., 1992) , with an all-human telomere probe (Oncor).
Densitometric analysis
Images for computer quanti®cation were generated by PhosphorImager, with the Fuji BAS 1000 (Fuji, Japan).
Computer analysis was performed with the Tina 2.07 program (Dinko and Rhenium, Beit Nekofa, Israel) on an IBM-PC platform.
